REGULAR PHYSICAL ACTIVITY is associated with decreased incidence of coronary heart disease (CHD),1-9 and persons with CHD may benefit from physical training.'0-12 Exercise may reduce coronary risk by altering plasma lipid and lipoprotein levels. Two of the major lipoproteins that transport cholesterol in plasma are low-density lipoprotein (LDL) cholesterol and high-density lipoprotein (HDL)
cholesterol. High levels of LDL cholesterol are related to increased risk of CHD and high levels of HDL cholesterol may protect against CHD. '8 17 There has been increased interest in HDL cholesterol because its negative relationship with CHD is stronger than the positive relationship between CHD and either total cholesterol or LDL cholesterol. '3' 14 Highly trained athletes have lower levels of cholesterol and LDL cholesterol, and higher levels of HDL cholesterol than do sedentary persons of the same age and sex; this is true of runners,'8 21 skiers,21 22 and swimmers.23' 24 Hartung et al.20 found that marathon runners have higher HDL cholesterol levels than joggers, who in turn have higher levels than sedentary persons. Findings like these underscore the need for prospective studies to determine whether increases in physical activity produce beneficial changes in plasma lipid and lipoprotein levels.
Prospective studies on exercise and lipid changes have yielded conflicting results. Studies of men have shown consistent increases in HDL cholesterol during gram became progressively more vigorous, and by the fourth week, the subjects were exercising at approximately 70% of maximal heart rate for 15-20 minutes at each session. The remaining time was used for stretching, warm-up and cool-down activities. We estimate a caloric expenditure of 300-350 kcal for the 30-minute session.
Cardiorespiratory endurance was measured by estimation of maximal oxygen uptake (VO2max) with a constant-torque bicycle ergometer.36 Subjects were tested at systematically increased work loads to estimate VO2max (1/min). This value was then divided by body weight to yield VO2max expressed in ml/kg.min.
Analytical and Statistical Methods
Blood samples were obtained before and after the 10-week program. Each sample was drawn between 7:00 and 9:00 a.m. after a 12-hour fast and at least 48 hours after the last exercise session. The samples were analyzed by the Lipid Research Clinic of Johns Hopkins University. Total cholesterol, HDL cholesterol, LDL cholesterol, and triglycerides were determined using the procedures of the Lipid Research Clinics Program.37 Blood was collected into evacuated tubes containing solid disodium EDTA (1.5 mg/ml). The plasma was separated at 4°C within 3 hours and shipped unfrozen to the laboratory. Heparin sulfate and MnCl2 were added to plasma to precipitate the apo B-containing lipoproteins. The samples were incubated in an ice bath for 30 minutes and the precipitated lipoproteins were removed by centrifugation at 1500 g for 30 minutes at 4°C. Isopropanol extracts of unfractionated plasma and the HDL-containing heparin MnCl2 supernatant fraction were prepared and treated with a zeolite mixture to remove interfering substances. The analyses were performed on the AutoAnalyzer II using a modification of Kessler and Lederer's method37' 38 Dietary, smoking and alcohol consumption patterns were measured before and after the program with self-report questionnaires. Subjects completed a 24-hour dietary recall for the same day of the week before and after the program. These were scored for total calories, cholesterol and saturated fat. The questionnaires also contained items on the number of cigarettes smoked in the past day and the past week, and items on the number of alcoholic drinks for the past week.
Results
The primary focus of this study was on lipid and lipoprotein variations between men and women. Data for men and women were analyzed separately and were then combined for an overall analysis.
Sex Differences
The mean and percent changes among the 24 men for cholesterol, HDL cholesterol, LDL cholesterol, the HDL/LDL ratio, triglycerides and body weight are presented in table 1. The men showed decreases of 4.4% in cholesterol (p < 0.04), 5.97% in LDL cholesterol (p < 0.05), 9.5% in triglycerides (p < 0.06) and 1.3% in body weight (p < 0.001). Combined with an increase of 5.1% in HDL cholesterol (p < 0.04), the significant reduction in LDL cholesterol resulted in a 12.4% increase in the HDL/LDL ratio (p < 0.0003).
The lipid and lipoprotein changes among the women were different from those among the men (table 2). The 37 women showed significant decreases of 3.9% in cholesterol (p < 0.06) and 1.5% in body weight (p < 0.06), and nonsignificant decreases of 1.0% in HDL cholesterol and 4.3% in LDL cholesterol. Consequently, there was a nonsignificant increase of 8.2% in the HDL/LDL ratio. There was a surprising 14.5% increase in triglycerides (p < 0.06).
Because there was great variability in lipid and lipoprotein responses for both men and women, analyses of variance were used to compare the differences shown in tables 1 and 2. Men and women differed in their initial values for each lipid measure and for body weight. Initial levels were higher in men than in women for cholesterol (p < 0.05), and LDL cholesterol (p < 0.03), triglycerides (p < 0.0001), and body weight (p < 0.02), but were lower for men in HDL cholesterol (p < 0.03) and the HDL/LDL ratio (p < 0.0001). Men 
Discussion
The inverse relationship between regular physical activity and the prevalence of coronary heart disease has been well established.' 9 Paffenbarger et al. 3 42 suggest that this association cannot be explained by inherent physical attributes and that the exercise itself is responsible for the reduced risk. Regular exercise may influence coronary risk by altering plasma lipids.42 45 Plasma lipid levels are associated with risk for coronary heart disease,13-'7 and highly trained athletes tend to LDL cholesterol, and a 14.5% increase in triglycerides. The differences between men and women were statistically significant for each of the measures except LDL cholesterol, but the differences were no longer significant after adjusting for initial lipid values with an analysis of covariance. However, the HDL/LDL ratio, an important predictor of coronary heart disease, 7 increased substantially in men (p < 0.0003) but did not change significantly in women. The difference in the ratio between men and women remained significant even after adjusting for initial values.
The differential changes in lipids for men and women could not be attributed to differences in amount of exercise or level of conditioning. Men and women showed equivalent increases in VO2max and did not differ in the number of sessions attended during the program. Interestingly, some lipid and lipoprotein changes occurred in proportion to the number of sessions attended, but not in proportion to increases in maximal aerobic capacity. In men, the number of sessions attended correlated negatively with changes in LDL cholesterol and positively with changes in the HDL/LDL ratio. In women, the number of sessions attended correlated negatively with changes in HDL cholesterol and the HDL/LDL ratio. Changes in VO2max did not correlate significantly with changes in any lipid or lipoprotein measure. It is surprising and puzzling that lipid changes show a stronger relationship to the number of sessions attended than to increases in maximal aerobic capacity. This highlights the importance of discovering the mechanisms by which exercise influences conditioning and lipid changes.
Several factors other than exercise may have influenced the results of this study. Plasma lipid levels can vary with diet,20 48 49 smoking,50 and alcohol intake,51 and it is possible that participants in exercise programs will make collateral changes in these areas. We collected questionnaire data on these three factors. The patients reported no significant changes in diet, smoking, or alcohol intake. Furthermore, men and women did not differ in their reports of changes. We recognize, however, the weakness of self-report data, so we look to other studies in which prospective and retrospective measurements have been made of these factors. Streja and Mymin28 found no changes in caloric intake or in the constitution of the diet in sedentary men during a 13-week program of moderate exercise. Gyntelberg This study suggests that a short-term exercise program in a work setting can improve plasma lipid and lipoprotein patterns more in men than in women, although the effect of exercise on the HDL subclasses is not known. During our 10-week exercise program, subjects took part in three lunch-hour sessions each week at a YMCA near their place of employment. The subjects were primarily sedentary office workers who averaged 16% above ideal body weight. The program produced small but significant weight changes in men and women, and a highly significant increase in the HDL/LDL ratio in men. Interestingly, in another study,56 weight reduction produced more positive lipid and lipoprotein changes in men than women. The long-term maintenance of lipid and lipoprotein changes is important to measure. The degree to which subjects continue to exercise after such a program is unknown, as is the metabolic adaptation to prolonged exercise. Thompson 13 kpm/kg body weight). Both groups achieved similar increases in heart rate, blood pressure and ejection fractions. In the controls, the mean end-diastolic volume increased to 124% of that at rest (p < 0.02) during exercise and the mean end-systolic volume decreased to 81% of the rest level (p < 0.02). In contrast, the mean end-diastolic volume did not significantly change during exercise in the athletes, and the mean end-systolic volume decreased to 64% of rest (p < 0.05). Thus, although trained and untrained healthy subjects had similar increases in the left ventricular ejection fraction during exercise, different mechanisms were used to achieve these increases. Untrained subjects increased end-diastolic volumes, whereas trained subjects decreased the end-systolic volumes. The ability of athletes to exercise without increasing preload may be an effect of training and might have important implications in reducing myocardial oxygen demand during exercise.
ALTHOUGH the human left ventricular response to exercise has been the focus of many studies in the last several decades, the data on some aspects of this subject conflict. Until computer-assisted gated radionuclide cardiac angiography became available, accurate serial assessment of left ventricular volume at rest and during exercise was not technically possible.
To address the question of normal left ventricular volume and ejection fraction response to exercise, we studied 18 healthy untrained subjects at rest and during supine bicycle exercise. We also studied nine endurance-trained athletes to determine whether exercise training alters the left ventricular response to exercise.
Materials and Methods

Subjects
The study population consisted of 18 normal sedentary control subjects and nine endurance-trained athletes. The control group was made up of 14 males, mean age of 28 years (range 22-34 years). The athletes, seven males and two females, were scullers who had represented Canada in various international competitions and were involved in vigorous daily training. The daily training schedule included at least 4 hours of rowing, cycling and jogging, and each athlete had been in training for at least 3 years before the study. The mean age of the athletes was 19 years (range 15-25 years) . No subject had a history of medical problems, and all subjects were normal by physical examination and standard resting ECG.
Exercise Protocol
After patients were placed supine on the exercise table, with feet positioned on the ergometer pedals, the baseline measurements of heart rate, blood pressure and multiple-lead ECG were taken. A gated blood pool radionuclide angiogram was then done as described below. The subjects performed graded supine bicycle exercise to the point of exhaustion, using a Quinton 845 ergometer, with increments of 300 kpm every 3 minutes. Blood pressure, heart rate, multilead ECG and radionuclide angiograms were repeated serially during each level of exercise.
Imaging Technique
Radionuclide angiography was done with a Ohio Nuclear Sigma Series 420 scintillation camera, using
